Summary. The aim of this study was to determine the incidence of amoxycillin and erythromycin resistance in oral streptococci in patients at risk from infective endocarditis. Samples of gingival crevicular flora were taken from 65 patients at the site of dental treatment, prior to the prophylactic administration of amoxycillin (54 patients) or erythromycin (1 1 patients). Samples were also taken from 65 dental patients who were not considered to be at risk from infective endocarditis. No isolate had a minimum inhibitory concentration (MIC) of amoxycillin > 24 mg/L. However, erythromycin-resistant oral streptococci with MIC values >3.5 mg/L were isolated from 22% of patients receiving amoxycillin prophylaxis, 9% of patients receiving amoxycillin prophylaxis, 9% of patients given erythromycin prophylaxis and 9% of patients not at risk from infective endocarditis. The antibiotic-resistant streptococci comprised mainly Streptococcus sanguis biotype 11, although S. sanguis biotype I, S . mitis and S . salivarius were also frequently recovered.
Introduction
Patients with a damaged cardiac endothelium are susceptible to infective endocarditis from dental procedures that produce a transient bacteraemia. As oral streptococci are the organisms most commonly implicated in the aetiology of this,' patients thought to be susceptible receive antibiotic prophylaxis prior to certain dental procedures.293 The aim is to produce a level of antibiotic in serum that will exceed the minimum inhibitory and bactericidal concentrations of the streptococci. Amoxycillin is the most widely recommended prophylactic agent, but penicillin resistance amongst oral streptococci is now being reported with increasing frequency. The number of resistant oral streptococci is greater in people frequently exposed to antibiotics,499 although small numbers of these bacteria may be found in healthy subjects who have not recently received antimicrobial agent^.^^^?'^ The British Society for Antimicrobial Chemotherapy (BSAC) recommended that a short course of high-dose prophylaxis should be used and indicated that this would be less likely to select resistant strain^,^ indeed a single oral dose of amoxycillin 3 g had been reported as having little or no longterm effect on the oral flora. ' ' However, this does not pertain in patients who receive repeated administration. ' The purpose of this study was to identify oral streptococci that were resistant to amoxycillin and erythromycin in dental patients at risk from infective endocardi tis.
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Materials and methods

Patients
Patients selected for this study were those considered susceptible to infective end~carditis.~ They attended a local hospital dental clinic for extractions and scaling procedures under antibiotic prophylaxis. Patients with other serious medical conditions in addition to susceptibility to infective endocarditis were excluded. Chemoprophylactic regimens followed guidelines issued by the Working Party of the British Society for Antimicrobial Chem0therapy.j Patients who required oral administration of amoxycillin 3 g or erythromycin stearate 1-5 g were allocated to groups A and B respectively. Patients not at risk from infective endocarditis who attended the Liverpool Dental Hospital for treatment served as controls and were allocated to group C. The patients in this group were matched for age, sex, dental status and penicillin allergy with those in groups A and B. Those who had taken antibiotics in the previous 3 months were excluded from this investigation. Approval for this investigation was obtained from a recognised Ethical Committee.
Sampling procedure
Samples were taken from the gingival crevice of posterior teeth that were scheduled to receive dental treatment, prior to the systemic and local12 administration of antimicrobial agents. Specimens of oral flora were obtained by insertion of two sterile paper points (Johnson and Johnson, Slough) aseptically into the gingival crevice. Points with visible blood stains were discarded. The paper points were immediately transferred to 2 ml of sterile Ringer's solution and then transported to the laboratory within 2 h of sampling.
Microbiological methods
The samples were vortex-mixed for 30s and three 10-fold serial dilutions were prepared in 1-ml volumes of Ringer's solution. A 100-p1 sample of each dilution was spread evenly on to each of the following : horseblood 5% v/v agar and horse-blood agar with amoxycillin (40, 25 and 10 pg) and erythromycin (3 pg) antibiotic disks. The plates were incubated aerobically at 37°C for 48 h. Oral streptococci, selected by colonial appearance and morphology in gram-stained smears, were subcultured from the inhibition zones around the disks. Oral streptococci were also subcultured from the nonselective blood-agar plates and suspended in 1 ml of Ringer's solution. From these suspensions, 100-p1 samples were inoculated on to blood agar plates with antibiotic disks to increase the yield of antibioticresistant strains. Pure cultures of the isolated strains were identified by the API-20 Strep System (API, Basingstoke) and stored at -70"C, in Mueller Hinton Broth (Lab M, Bury, Lancs), until required for minimum inhibitory concentration (MIC) determination.
For the purpose of selecting streptococci for MIC determination, isolates from any one patient that had identical API profiles were assumed to be the same strain and only one MIC determination was done for each strain from any one patient. The MICs of amoxycillin and erythromycin for the identified isolates were determined in Mueller Hinton Broth by a doubling dilution technique. The highest dilution of antibiotic that inhibited visible growth was taken as the MIC. Table I shows the total number of putative resistant strains isolated from the antibiotic disk inhibition zones and the number of patients yielding these isolates. The MICs were determined for each of these identified strains, and are shown in tables 11,111 and IV. The streptococcal species isolated and their sensitivities to amoxycillin and erythromycin are . . . 
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Discussion
Amoxycillin and erythromycin are the two most commonly prescribed chemoprophylactic agents in general dental practice in the UK and this study has investigated the incidence of resistance to these antibiotics in oral streptococci from dental patients at risk from infective endocarditis. Many workers have used whole-mouth saliva for the collection of antibiotic-resistant s t r e p t o c~c c i ,~*~~~ a convenient method for longitudinal studies. However, in this study bacteria from the gingival crevice were sampled, i.e., bacteria from the area of proposed operative intervention. The assumption that trauma would force these organisms into the tissues during treatment and be largely responsible for the ensuing bacteraemia is substantiated when one considers that pre-operative irrigation with chlorhexidine 1 % w/v solution greatly reduces the magnitude of the bacteraemia, or may even prevent it. l 3 Antibiotic-resistant strains were selected initially by a disk-diffusion method. Although this is a convenient and commonly used screening technique it is a semi-quantitative procedure affected by many experimental variables. l4 For the purpose of reliability, the MICs were determined for these strains and results are given in tables 11, I11 and IV. Antibioticresistant oral streptococci were isolated from all groups of patients, but most commonly from patients receiving amoxycillin prophylaxis. The organisms isolated consisted predominantly of S . sanguis biotype 11. S . sanguis biotype I, S. rnitis and S. salivarius were also commonly isolated with approximately equal frequency. Only one strain of S. rnilleri was isolated and none of S. rnutans. It was not possible to identify a pattern between the taxa and the patient groups or the antibiotic sensitivites. These findings are in contrast to the results of Southall et aZ.,9 who found that all the amoxycillin-resistant isolates were S. sanguis, dextrannegative strains. However, Phillips7 found resistant strains of many species, including S. mutans. In this investigation, no oral streptococci were isolated that had an MIC of amoxycillin >24 mg/L, the expected mean serum amoxycillin concentration after a 3-g dose. However, four (7%) patients from group A had isolates for which the MIC was > 6 mg/ L, one quarter of the expected serum concentration. No such bacteria were isolated from the patients in group B, but three (5%) patients from the control group had streptococci with an MIC of amoxycillin > 6 mg/L. Erythromycin-resistant strains were isolated frequently, most commonly from the patients who were about to receive amoxycillin prophylaxis.
Isolates with an MIC > 3.5 mg/L, the expected mean erythromycin serum levels following administration of erythromycin stearate 1.5 g, were isolated from 22% of the patients in group A and 9% of the patients in groups B and C. Streptococci with an MIC greater than one quarter of the expected mean serum levels of 04375 mg/L were isolated from 35% of patients in group A and from 18% and 14% respectively of patients in groups B and C. The reason for the high incidence of erythromycin-resistant strains, especially in patients requiring amoxycillin prophylaxis, is not known. Our results differ from those of Harrison et al. ' who found no erythromycin-resistant oral streptococci in healthy volunteers. However, it is difficult to compare the results obtained in this investigation with previous reports because of differences in methodology and criteria for defining antibiotic resistance.
Resistance to amoxycillin and erythromycin was found in many of the bacteria sampled. Isolates that were resistant to erythromycin also showed variable degrees of resistance to amoxycillin; one such strain had an MIC of amoxycillin of 20mg/L. This is in contrast to the results obtained by Harrison' who found erythromycin-resistant streptococci to be generally sensitive to penicillin. Southall, however, reported that some amoxycillin-resistant strains demonstrated moderate resistance to erythromycin at a level of 1-2 mg/L and the suitability of erythromycin as an alternative to amoxycillin prophylaxis was questioned.
A high degree of cross-resistance between lincomycin and erythromycin in patients who receive one of these drugs has been demonstrated" and transfer of plasmid DNA coding for erythromycin and lincomycin resistance among oral streptococci has been described. 16 In view of our findings, the recent recommendation by the BSAC that clindamycin may be regarded as an alternative to erythromycin for pro phyla xi^'^ may be less appropriate for repeated or alternate use within a short space of time.
The clinical significance of antibiotic-resistant oral streptococci is uncertain. Experimental evidence' ' has indicated that successful chemoprophylaxis is achieved only when a bactericidal concentration is maintained for 6-9 h post-operatively, although more recent evidence contradicts this. 19920 The virulence of oral streptococci cannot be related solely to their antibiotic susceptibilities because covert antimicrobial activity which can occur at sub-MICs and continue beyond antibiotic exposure has been reported. 2oy21 Nevertheless, isolates that are highly antibioticresistant should be viewed with concern as such bacteria have been implicated in the failure of prophylaxis against infective endocarditis, with both amoxycillin and e r y t h r~m y c i n .~~~~~
